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I. INTRODUCTION

_ In 1958, the state of the art of development of materials and ramjet
components had reached the stage wherein a high speed (Mach L) ang high altitude
(100,000 feet plus) ramjet engine appeared feasible for development and applica-
tion to long range crulsing vehicles, Aerodynamic test data, coupled with engine
component data, revealed that long range capabilities increase repidly with super-
sonic Mach number a8 shown in Figure 1 and there is appreciable advantage to
pushing cruise speeds as high as material technology will allow.

Studies and component tests made in 1957 and 1958 of an integral
crulse type ramjet, as applied to the Super Hustler vehicle, showed that g light-
weight ramjet engine could be rapldly developed using existing state of the art
knowledge. Consequently, The Marquardt Corporation and the Air Force entered into
8 program to do further development of engines of this general type which could
have application to future ground or air launched cruise vehicles. This study was

initiated in January, 1959 and completed with the fabrication of a prototype
engine on 15 July, 1959,

IT. GENERAL CONCEPTS

- A. Applications and Performance

A representative altitude--Mach number operating envelope for such
an advenced cruise engine is shown in Figure 2. For air launched missiles or
manned aircraft, the initisl engine operation could occur at subsonic Mach numbers
to supplement booster thrust. At some Mach number between 1.5 and 2.0, depending
on the relative size of the vehicle ang engine, the ramjet could take over and
accelerate the vehicle to eruise conditions. In the case of & supersonic sir
launch, no supplemental booster system would be required. Another possible appli-
. cation of the engine would be with ground launched vehicles, wherein the engine
\v,' again would ignite subsonically to augment boost thrust and self-accelerate from
\ ' the region of Mach 1.5 to 2.0 to cruise Mach number.

The performance capabilities of an integral ramjet engine of this
type are shown in Figure 3 which shows acceleration thrust and throttled cruise
specific fuel consumption. A minimum cruise specific fuel consumption of 1,86
1bs fuel/Ib thrust per hour is obtainable at Mach 4. Tegts made in August, 1958
of a full scale engine at the Mach L condition demonstrated that such g minimum
specific fuel consumption was attainable. The engine was & flight weight type and
it incorporated the salient features of the Mach L integral cruise type engine.

A photograph of this engine is shown in Figure L.

Table I lists performance varisbles along a typical trajectory.
Appendix A is g preliminary engine model specification with complete engine per-
formance curves presented on a gas generator basis. Component performance levels
referred to hereinafter as "estimated values" are those used in arriving at the
over-all engine performance presented in the specification.
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It was originally intended to use a full length variable plug exit
nozzle in the engine and the data in Appendix A represent this concept. However,
it was decided later in the program to incorporate a blunt plug varisble exit
nozzle with its attendent advantages of decreased length and welght. For purposes
of saving time Addendum IT to the preliminary engine model specification (Appendix
A to this report) was prepared to reflect the weight, length, and performance es-
timate changes. The engine, as described in the remainder of this report, in-
corporates the blunt plug exit nozzle.

B. Components and Materisls

A schematic of an engine designed for the envelope of operation of
Figure 2 is shown in Figure 5. The major components of the propulsion system are

MAC A673

1. Inlet diffuser

2. Fuel injectors

3. Combustor

L. Exhaust nozzle

5. Fuel pumping and control system and nozzle actuator and control

system N

1. Inlet Diffuser

Although this component is a very important part of the propul-
sion system, the diffuser would be part of the airframe itself for an integral
engine and is of interest only insofar as its performance affects the engine de-
sign. OSpecifically, the maximum attainable inlet total pressure recovery and mass
flow variation with Mach number determines the variation of engine exit nozzle
throat size. Secondary considerations are the effect of diffuser outlet velocity
profiles on engine performance and control interrelationships between the engine
fuel and nozzle geometry controls and the inlet geometry control.

Figure 6 presents a compilation from a literature survey of inlet
pressure recoveries for variable geometry inlet configurations tested in the range
of Mach numbers of interest. To minimize external drag, an inlet with internsal
compression is required at Mach numbers as high as 4.0. Complete internal com-
pression type inlets require considerable bleed and bypass flow to give good per-
formance. Consequently, a mixed internal-externsl compression inlet was con-
sidered optimum for this application. It has the following advantages:

1. The diffuser boundary layer bleed for high pressure recovery
is small.

2. The variable geometry sections used to obtain high recovery
are relatively small as is their motion.

3. The external compression portion yields a variation in mass
flow with Mach number that tends to match the engine require-
ments. A moderate amount of additional bypass at low Mach
numbers would also be required for complete mstching, however,

L. External drag is very low.
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Based upon the data shown in Figure 6, a pressure recovery level
was assumed as shown. This level of inlet performance is considered to be con-
sistent with the attainable performance of other major engine components and
materials.

2. Fuel Injection System

- In order to obtain a maximum number of fuel injection points to
facilitate good mixing of fuel and air in a short length, a spray bar system was
selected. The engine flow passage is of annular shape, this being dictated by use
of the cantilevered plug type variable nozzle. Consequently, the burner itself is
annular in shape and there are three circumferential fuel spray bars: one to
supply fuel directly into the burner pilot zone, the other two to supply fuel to
the outer and inner burner annular passages. These fuel manifolds are referred to
as the pilot manifold (center bar) and the main fuel manifolds (outer and inner
bars), respectively. Figure 7 is a view of the engine looking downstream showing
the spray bars.

3, Combustor

The requirements for high combustion efficiency over a very broad
range of burner inlet temperatures, air mass flow, and at fuel-air ratios both
lean and rich dictated selection of a can type burner. Development tests of such
burners at Marquardt for the RJ59 Mach 3 and Mach U4 engine series under Contract
AF 33(600)-22985 provided a wealth of experience and data which not only defined
this burner type as the most feasible for this application, but enabled immediate
design of a configuration of high performance.

The burner, although annular in shape, is divided circumferentials
ly into three separate sements. These are separated by the longerons which sup-
port the center body section and they are placed in the burner section, as shown
in the photograph, Figure 7, to minimize engine length and weight.

4. Exhaust Nozzle

To obtain efficient cruise performance at Mach 4, a nozzle of
high thrust efficiency is mandatory. An increase in nozzle thrust efficiency of
1 percent results in a reduction in specific¢ fuel consumption of about 5 percent
and a resultant range increase of about 5 percent. To obtain the large variation
in nozzle throat-to-combustor area ratio required for maximum low speed thrust
(71% Atnhroat/Bcombustor) @nd efficient Mach 4 cruise operation (18% Ay ,.oat/

AcoMbustor) a plug type exit nozzle was selected as the most desirable. The plug

itself is segmented and very short, as shown previously in Figure 5. The varia-
tion in area ratio can be obtained in a short length with high nozzle thrust ef-
ficiencies at all area ratios.

CONETITNTNTTAT
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5. Fuel and Geometry Control Systems

The center body type engine resulting from the above arrange-
ment of nozzle and combustor provides a convenient location for the fuel and
geometry control systems. The sctustion unit for the variable exit nozzle 1s
located in the aft portion of the center body and the fuel pumping and control
system is located in the forward section. The various elements of these systems
and thelr functions for manned asireraft or missile application are discussed in
Section IV of this report.

Fundamentally, the control system keeps the nozzle in the open
position and the fuel-air ratio near stoichiometric for high thrust during
initial acceleration up to Mach 2.5. From Mach 2.5 to 4, the control system re-
duces fuel-alr ratio and exit nozzle size to maintain high thrust but not over-
temperature the engine. At cruise conditions, the fuel-air ratio is reduced
further, as 1s the exit nozzle throat, to maintain optimum cruise specific fuel
consumption.

6. Materials

Materials technology had sdvanced to the stage where not only
were adequate materials available to febricate an engine for extended cruise
operatlion at Mach h, but a relatively lightweight structure could be developed
using these materials. Temperatures which were calculated for different parts of
the engine revealed that the nozzle throat area would be the hottest part of the
engine required to withstand load and meintain shape. The maximum tempersture
here would not exceed 1800°F.

The particular materials selected for certain parts of the engine
are based upon the maximum operating temperature design life, and, of course,
loads. These items are discussed further in Section ITT.

The materials of particular interest for the engine application
are Rene' 41 and Udimet 500, which were planned for use in numerous parts of the
engine. These materisls, being newer alloys, were not completely documented as
to short time tensile and creep data. Consequently, a program was initiated to
collect such data using the Marquardt High Temperature Testing machine. The
materials investigated were

1.

N
.

.

-

-

.

I—‘ .
©O OV O 3 O\uUu &= W
L]

-AFTL 1ron base alloy

422M stainless steel
6A1-4V titanium

MST821 titanium

16V-2.5 Al-titanium
A286 iron base alloy

N-155 mixed base alloy
R-235 nickel base alloy
1-605 cobalt base alloy

M252 nickel base alloy

CONEFINENTTAT
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11. Udimet 500

12. Rene' 41

13. Waspaloy nickel base alloy
1k, Commercially pure molybdenum
15. 0.5% Ti-molybdenum alloy

16. Tantalum

17. 0.5% Zr-columbium alloy

18. Tungsten

Figure 8 is s summary of the tensile strength-to-weight ratios
at elevated temperatures for several alloys.

In addition, the fabricability characteristics were studied in-
cluding as radial draw forming, flow turning, impact forming, hydroforming, roll
forming, and spinning, as well as fusion, flash, and spot welding.

III. ENGINE DEVELOPMENT PROGRAM

A. Configuration Development

1. Exhaust Nozzle

Small scale nozzle model tests were initiated early in the
development program to define the most efficient variable exhaust nozzle configu-
ration. As mentioned previously, a nozzle of high thrust efficiency was mandatory
since a small increase in nozzle efficiency is magnified by a factor of about 5
in increased range. Highly efficient nozzles tend to be long, however, and the
variable geometry requirement would make s long nozzle very heavy.

A plug type nozzle was selected for this application since high
efficiency is obtainable in a relatively short length with a plug type nozzle as
compared to a conventional convergent-divergent nozzle. Tests of short length
plug nozzles revealed that a high component efficiency could be obtained with a
plug nozzle with virtually no physical divergent section downstream from the
throat.

A sketch of such a nozzle is shown in FPigure 9 together with the
over-all nozzle efficiency with secondary flow through the base of the plug. This
secondary flow forms an "aerodynamic" taper to the plug which results in high per-
formance with a very short length nozzle. The secondary flow could be diffuser
bleed air which has to be discharged overboard, or it could be air taken on board
by enlarging the inlet and ducting the air directly through the engine center body
from the engine face. The ram drag penalty has been accounted for and the re-
sulting nozzle efficiency shown in Figure 9 is that component efficiency which is
applied to the engine gas flow directly.
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2. Combustor Designs and Performance

Early tests of a 30-inch diameter plug nozzle type engine in
August, 1958 under Contract AF 33(600)-33517 indicated that high combustion effi-
ciency and burner total pressure recovery at the Mach 4 conditions should be
relatively simple to achleve. The relatively small exit throat at cruise results
in low combustor velocities and low pressure losses. The high inlet temperature
(1200°F) is ideal for high combustion efficiency. These early tests revealed that
efficiencles above 95 percent were obtainable. Configuration development tests
were then concentrated in the low Mach number area (Mach 2.0 to 2.5) where the
large exit throat, high combustor velocities, and the low inlet temperature
(250°F) made attainment of the target objective of 90 percent combustion effi-
ciency more difficult.

In developing the éombustor configuration for the full scale
prototype engine, use was made of small scale burner component configuration
development tests. Data were obtained utlilizing a segment of the full scale
burner in the Marquardt Aerothermo Laboratory as well as complete large scale
engine testing with a 30-inch diameter engine in-:the-Marquardt Jet Iaboratory.
Table IT lists the test periods, number of runs, variables investigated, etc., for
the small scale component development tests. Figure 10 shows typical combustion
efficiency test results obtalned from the small scale segmental burner tests and
Figure 11 illustrates the segmental burner and typical components that were used.

Promising configurations from these tests were integrated into
the 30 -inch dlameter engine design and evaluated. Table IIT lists the 30-inch
engine test periods, runs completed, total burning time, variables, etc. As can
be seen, nearly all of the burner tests were -performed at the low inlet tempera-
ture condition of 250°F.

At the conclusion of the limited engine configuration development
test period, a burner configuration was evolved which gave essentially 90 percent
combustion efficiency at the low Mach number, low inlet temperatures condition as
required. The performance parameter burner drag coefficient (Cdb) was also de-
termined from test results to be of the corresponding proper magnitude of 4.0 at
the operating inlet Mach number to the combustor. Figure 12 lists pertinent
combustion efficiency results and gives the burner drag performance of the final
burner configuration.

Pentane, 80-octane gasoline, JP-4, and RJ-1 fuels were evaluated
in developing the burner for the low temperature (250°F) operation. The high
temperature RJ-1 fuel is planned for use in the extended cruise mission.

CONFINDENTTAT,
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B. Full Scale Design

Design of a flight prototype engine was completed during the contract
work period of January to July, 1959. TFabrication of a prototype engine con-
sisting of flight engine components wherever possible was also completed.

Studies made during the RJ59 engine programs revealed that ramjet
engines delivered more thrust and better specific fuel consumption per pound of
engine weight as engine diameter incresses. The RJI59 series was developed in
36-inch engine size, since this was considered to be the largest practical engine
diameter consistent with test facility limitations. Facilities considered were
primarily the Arnold Engineering Development Center, Ordnance Aerophysics Iabora-
tory, and the Marquardt Jet Leboratory. The combustor flow areas of the RJI59
serles was approximately 1000 sq in. and the integral cruise type engine is de-
signed with the same flow area, which is a measure of required air flow rates, and,
hence, facility réquirements.

1. Flight Design

A sketch of the resulting design of the flight type engine is
shown in Figure 13. The engine consists of several subassemblies exclusive of
the fuel and geometry control packages, which are discussed in Section IV. The
forward outer shell is thé main structural subassembly and it would transmit axisl
loads to the airframe at the forward ring which is designed to attach to the air-
frame with a V-type clamp. The main structural ring would transmit normsl
maneuver loads to the airframe at three points through rollers. This whole struc-
tural assembly is exposed solely to inlet air temperatures and receives no heat
from the combustion section.

The longeron--center body assembly transmits all nozzle plug
forces and inertia loads from the center body with enclosed fuel and geometry con-
trol package to the outer structural assembly. The longerons, three in number,
separate the annular burner into three segments and the longerons receive little
or no heat from the combustion region.

The variable plug assembly is of leaf or "iris" type design. As
shown in Figure 13, the aft portion, which is leafed, rotates about hinges and it
changes the effective throat area of the exhaust nozzle between 18 and T1 percent
of the combustor flow area.

The outer combustor and nozzle assembly is simply skinned
material primarily carrying bursting loads. The cooling liners shown duct fuel
free inlet air aft to the nozzle entrance on the outside shell as well as the
center body. These liners are louvered in such a manner that some of the air in-
side escapes and film cools the liner itself. The remainder exits at the liner
end and film cools the center plug and outer nozzle assemblies.

MAC A6T3
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The maximum steady state operating temperatures of the major
parts forming these subassemblies are shown in Figure 14. These temperatures were
determined for a representative trajectory wherein the engine accelerates from
Mach 2 to 4 at maximum power, climbs to cruise altitude, and operates for 1 to 3%
hours at crulse power settings. Figure 8 summarized the performance of the
various materials at elevated temperatures. The materisl selections resulting on
the basis of these temperatures, loads, etc., are shown in Figure 15. Much use is
made of Rene' 41, which appears to be optimum for many of the parts considering
manufacturability as well as material performance. Adequate creep or "life" data
for the more attractive material are not yet available and ultimate analysis may
reveal one of the materials other than Rene' 41 more suitable.

Utilizing the estimated operating temperatures, material proper-
ties, load factors, etc., to select optimum materials and shapes, a resulting
engine weight of 880 1bs is estimated. This weight breakdown is shown in Table IV

2. Prototype Engine

For early structural and aerothermodynamic development testing,
a8 prototype engine was fabricated which was of flight engine design wherever
possible. A photograph of this engine is shown in Figure 16. The engine was com-
plete except in two respects, namely it had no control package since long lead
times are required for designing and making numerous castings, and it had no
variable exit plug for the same reasons. Two plugs were fabricated simulating the
variable plug in the maximum power position and in the cruise power position. In
addition, N-155 alloy was substituted for other materials in some areas, again due
to long lead time requirements for the correct materials.

The engine was completely instrumented and ready for test at the
end of the contract work period.

Iv. CONTROLS

The fuel and control system for the Mach 4 integral cruise engine was
designed to provide optimized control functions for the complete propulsion system
which included the variable geometry air induction system and the ramjet engine.

This section summarizes the concepts and design principles of the
over-all power control system.

The control system design presented in the subsequent discussions was
conceived to be fundamentally suitable to both piloted and nonpiloted vehicle ap-
plications. All control functions are completely automated and only the mode of
propulsion system operation as required for speciflic missions or trajectories is
selected by either manual or further automated means. The piloted application is
used as the primary reference in these discussions.
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TABLE IV

ESTIMATED WEIGHT BREAKDOWN FOR THE
MACH L INTEGRAL CRUISE TYPE RAMJET

(Incorporating Blunt Plug Exit Nozzle)

Component ﬁgig; ‘Mailjngzr ts Castings Pu;;?i.:ed ‘i‘otal‘s
Fwd. inner body 16.10 20.10 - -- 36.20
Aft inner body 28.50 22.40 -- -- 50.90
B Fwd. inner body liner 7.75 -- -- -- 775
AN Aft inner body liner 24 .65 - - -- 2Lk .65
Longeron assembly h2.50 -- 6.00 -- 48.50
Fuel delivery 11.70 -- 11.80 -- 23.50
Burner 93.4 5.9 - - 99.30
Fwd. liner outer 22.00 -— -- -- 22.00
Aft liner outer 45,5 -- -- -- 45.50
Diffuser assembly 37.3 59.40 -- -- 9%6.70
Tailpipe 89.5 -- -- k.0 93.50
Exit plug 38.00 27.00 4k, 00 10.0 119.00
Miscellaneous fasteners - - - 9.0 9.00
I Miscellaneous -- -- - 15.0 15.00
.\\/’ Package including -- - - -- 188.50
actuators & ignition
system
Total 880.00 1bs

MAC A6T3

CONTTNNTNITTAT

Declassified in Part - Sanitized Copy Approved for Release 2012/08/13 : CIA-RDP89B00487R000400740011-9



Declaséified in Part - Sanitized Copy Appro'ved for Release 2012/08/13 : CIA-RDP89B00487R000400740011-9 ——

e

MAC A673

%rquara’/

CORPORATION
VAN NUYS, CALIFORNIA

lEPOlT.__z&)L

CONFIDENTIAL

The design of an engine bleed air turbine powered unit for hydraulic
and electrical accessory power is also presented.

A. System Functions

Figure 17 indicates the type of propulsion system (with major input
and output variables affecting control design) for which the subject control
system is designed.

The general requirements verformed by the power control system can
be summarized as follows:

1. Induction System Controls

a. DPosition inlet geometry and engine bypass duct for minimum
drag during engine nonoperating phases.

b. Position inlet geometry to provide optimum pressure recovery
and capture area at low supersonic speeds.,

c. Position inlet geometry in such a manner that exﬁernal com-
pression shock waves are held in stable locations and S0
that maximum pressure recovery is available to the engine.

d. Provide starting capabilities of the propulsion system any-
where within the flight envelope and restarting capasbilities
in the event of diffuser shock expulsion.

e. Regulate engine bypass duct flow to provide proper matching
of inlet and engine air mass flow characteristics,

2. Engine Controls

a. Regulate ignition and reignition fuel flows.
b. Control desired modes of fuel distribution to the combustor.

c. Limit exhaust gas temperatures during accelerating thrust
conditions at all Mach numbers.

d. Limit exhaust gas temperatures during emergency thrust
operation.

e. Optimize acceleration and cruise specific fuel consumptions
through control of pressure recovery, fuel flows, and exit
nozzle size.
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Further specific required functions and design considerations for the
power control system are reviewed separately.

Precision operation was specifically designed for the flight ranges
of Mach 2 to 4 at 30,000 to 100,000 feet altitude. The degree of precision out-
side of this nominal envelope was not specifically examined.

B. System Concept

The inlet controls and engine controls are, by function, conveniently
separated into two subsystems. The basic function of the inlet and controls is to
provide the optimized inlet capture area and ram pressure recovery potential. The
engine controls (in this case regulation of engine bypass duct air, heat addition,
and exit nozzle area) then are charged with maintaining meximum potential pressure
recovery while delivering acceleration and crulse thrusts at minimum specific fuel
consumption.

Even though the inlet and engine controls are not integrated through
common loops, they of course must act synergistically during operations such as
ignition, possible diffuser shock expulsion, etc. Therefore, the inlet control
system was designed to function independently and to compliment engine controls
in cases where normal propulsion system operation need be established or re-
established.

The engine control system involves the regulation of three variables:
bypass alr, fuel flow, and exit nozzle area. The basic criteria require a system
arrangement which assures maximum thrust potential for acceleration at low or ram-
Jet takeover Mach numbers and accurate optimization of specific fuel consumption
during the high Mach number cruise operation. Consideration of the sensitivity of
engine characteristics to possible controlled varisbles (See Figure 18) and
physical limitations of both engine and control determined the arrangement of con-
trol functions and loops as shown in Figure 19 in order to best satisfy per-
formance accuracy requirements.

The system concept reflected by the control system design (Figures
19 and 20) provides for closed loop control of functions such as exit nozzle ares,
bypass air flow, and inlet geometry, whereas engine fuel flow is controlled by an
open loop system. This type of arrangement is indicated by relative sensitivity
of engine performance to the controllable variables and also by the difficulty in
determining effective areas of variable geometry engine components such as the
exit nozzle under conditions of thermsl expansion, thermal creep, exhaust gas
leakages, change coefficients, etc. Closed loop controllers automatically com-
pensate for these variations.

Conversely, the open loop function of the engine control system
(fuel-air ratio regulation) can be independent of engine and induction system per-
formance deviations. Therefore, the fuel flow control loop can conveniently ac-
cept external commands for selecting thrust levels and start up and shut down se-
quencing. ‘

CONETTNENTTAT. -
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C. Systeni Design

1. Inlet Geometry Control System

By selection of proper pneumetic pressure parameters available
from external and internal compression fields of the induction system, a closed
_ loop control system which maintains a fixed pressure ratio was made possible in-
- stead of a more complicated open loop scheduling system which would schedule inlet
position with Mach number. The suitability of the parameter (a fixed ratio of
external diffuser pressure to throat pressure) is shown in Figure 21 wherein the
command geometry 1s positioned in such a manner that ideal performance 1s closely
matched over the design Mach number range.

The inlet geometry control system is shown in Figure 22. The

— system consists of hydraulic (3000 psi) and pneumatic (ram pressure) components.

o The oil--hydraulic power source was used because of the significant heat transfer
problems under the 1200°F environment involved in supplying power from the re-

_ motely located engine. Hydraulic power from the air turbine motor unit would be
used.

The control and actuator system consists of a proportional plus
integral pneumatic control unit which senses the signal pressure ratio. The out-
put pneumatic signal is received by a pneumatic signal booster unit which provides
a position output and drives the actuator hydraulic servo through mechanical
- linkages. The resultant actuator motion and position is fed back mechanically to
‘ the signal booster-servo valve linkage, thus making it a proportional element.
This arrangement avoids a double integrating system (controller plus servo valve
actuator) while still maintaining the zero steady state error characteristic of
the proportional plus integral system.

) Full extended or retracted actuator positions (minimum or maxi-
‘(‘ ) mum induction inlet areas) can be commanded by means of separate bias to the
- signal booster unit of the system.

- 2. Engine Air Bypass Control System

The engine air bypass system functions only to match diffuser
and engine air flow characteristics (See Figure 31). Except for low Mach number
operation wherein bypass may be required even though the engine were controlled
to consumed maximum possible air flow, the need for bypassing air is dependent
upon the type and accuracy of control of the engine operating variables. There-
fore, control of bypass air is integrated with the engine control system. This
control means is discussed within the englne control section of this report.

- However, due to the remote location of the bypass system from
the engine proper, the bypass controls are not physically integrated with the
engine control system and they also receive actuator power from a vehicle hy-
draulic power source (air turbine motor unit) rather than from engine accessory
units.

The bypass control system, as shown in Figure 23 is composed of
components of the same design as those for the inlet geometry control system ex-
cept for variation in sizing, gains, and calibration characteristics.
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3. Engine Fuel Control System

The fuel flow control system (Figure 24) is designed to operate
with several distinct modes of control. A simplified representation indicating
the various loops and modes of control is shown in Figures 25 and 26. Figure 25
represents a manual input arrangement for selecting the desired mode of operation
whereas Figure 26 shows the resulting control performance with input variations.
The fuel delivery characteristics of Figure 26 are fixed irrespective of flight"
Mach number, altitude, or day temperature.

Briefly, in reference to Figures 25 and 26, the control system
modulates fuel-alr ratio directly during ignition procedures and minimum thrust
demand conditions in order to match engine combustor characteristics at lean
burning operation. Intermediate and maximum power operation (and emergency power)
are governed by the control system §o that combustion chamber temperature is
maintained at the prescribed calibrations irrespective of ram air temperature (al-
titude, Mach number, and ambient air temperature). The third control loop is re-
quired during long cruise durations wherein one of the two fuel injector rings is
made inoperative (for added combustor structural life) and a high gain (thrust
versus speed) characteristic is provided by the control for convenient speed
regulation. This high gain thrust control again controls combustion temperatures
on an open loop basis, but, due to the narrow band, high gain characteristics,
maximum temperature limits are maintained by a fuel-air ratio override loop. Ac-
curacies determined for the engine control system are described in Figure 27.

The fuel controllers are of pneumatic, hydraulic, and mechanical
design which are packaged and housed within the ramjet engine center body (See
Figure 33). The controls require no external power source for operation because
they utilize ram air and fuel as working fluids for computator and actuator power.
(The exceptions which use external power sources are intermittent electrical
power requirements for combustor spark ignition, and in the case of manual selec-
tion of operational modes, inputs through a mechanical shaft are required.)

For convenience, the fuel flow and control system can be dis-
cussed in terms of four subsystems. These incélude: the pneumatic computing
system, the fuel metering and injector system, the power mode selector system,
and the fuel pumping system.

The heart of the pneumatic computing system is the engine air
mass flow computer. It operates by sampling engine air flow at the engine inlet
(downstream from the diffuser bleeds and engine air bypass ducting). A fixed
percentage of engine air is captured by the sampling probes. A pressure signal
which is proportional to sampled air (and therefore engine air flow) is obtained
through manipulation of the sampled air, by fuel-to-alr heat exchangers, prior
to exhausting through calibrated choked nozzles. Experimental performance of the
air mass flow computer component is presented in Figure 28.
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The intelligence provided by the engine air mass flow computer
provides a fundamental reference from which 8ll fuel flow functions may be re-
lated to engine operation. -Accurate fuel-air ratio regulation to the primary
injectors for ignition, combustor zone stabilization, minimum fuel-alr ratio
limits, and to both primary and secondary injectors for maximum fuel air limits
are readlly achieved.

Fuel-air ratlos are varied by automatic and manual measns to
attain acceleration maximum thrust schedules and to select desired thrust levels
for crulse, deceleration, and emergency power conditions by processes which bias
the basic air mass flow signal pressure. The signal is, in general, modulated
- by a series of pneumatic pressure divider units, each of which delivers s separate
output pressure which is a function of the air mass flow computer signal and the
manual or automatic demand input to the variable pressure dividers.

. The automatic inputs, with reference to the system schematic of
Figure 2&, are governed by stagnation air temperature sensers. One temperature
senser operates a pressure divider unit so that the output signal varies engine
acceleration fuel-air ratios so as to maintain a constant combustion chsmber
temperature for all Mach numbers and elevated thrust demands as illustrated in
Figure 26. A second temperature senser, used only during cruise speed operation,
- blases the control signal in order to vary engine thrust inversely with vehicle
speed and therefore provide vehicle speed stabilization (See Figure 29).

The mode selector system consists of s complex of switching
valves which port the desired pneumatic signals to the fuel metering valves and
) also includes variable pneumatic pressure divider units which receive commands
for adjusting fuel-alr ratio and intermediate engine thrust levels. A1l pneu-
matic switches and pressure dividers are synchronized to operate from a single
rotary input shaft. An interlocked push-pull mechanical input is provided for
selecting the cruilse operating mode of control operation.

p Engine bleed air powers the turbine driven centrifugal fuel pump
" which raises fuel pressures from tank pressure at the engine inlet to that re-
quired to operate the fuel controls, actuators, and fuel injection system. The
turbine air power is controlled by throttling the bleed air upstream from the

: stators so that the pump head rise does not exceed the requirements of the
system,

Control of the pump serves three additional objectives. First,
1t reduces system pressures to a minimum, which allows use of lightweight mag-
. nesium fuel component castings under the extreme temperature environments (up to
500°F fuel temperatures). Second, the throttling of turbine supply air in this
manner reduces engine bleed air at cruise speeds and gives an incremental improve-
ment in specific fuel consumption. It also makes practical the adoption of a
small high pressure pump run directly by the turbine pump shaft, since the pump
control limits maximum shaft speeds to slightly over 20,000 rpm. This small, high
pressure pump supplies hydraulic power to the engine exit nozzle actuator system,
The compatability of turbopump characteristics with systems requirements is
demonstrated in Figure 30.

g
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A portion (approximately 25 percent) of the engine pump fuel
output is recirculated to an ejector at the pump inlet which significantly in-
creases the suctlon specific speed to allow minimum fuel tank pressurization.

The two fuel metering valves are of nearly identical design and
differ only in internal port sizing as required capacities differ slightly. As
previously indicated, they are arranged in parallel and they independently meter
fuel to the primary and secondary injector systems. Simple orifice type fuel
nozzles are installed in both primary and secondary injectors. However, the
primary injector, because of its larger flow range requirements, incorporates
pressure sensitive switching valves between two sets of nozzles so that maximum
system pressures are minimized. The more mechanically complicated, spring loaded,
variable area type fuel nozzles were not deemed practical since, under certain
englne operating conditions, the injectors encounter 1200°F environments without
-, benefit of fuel flow cooling.

The fuel metering valves are the flow regulating type (volu-

— metric) which deliver a scheduled fuel flow characteristic in accordance with

the input pneumatic differential signal. A constant fuel pressure drop is main-
tained across the variable area metering orifice by a servo controlled throttling
valve. The metering orifice area is governed by a positioning servo loop which
is in turn positioned by a spring loaded diaphragm which receive the pneumstic
demand signal. The control is fuel temperature compensated. Therefore, the unit
regulates the fuel weight rate flow for any specific fuel.

4. Variable Exit Nozzle Control System

The exit nozzle throat area is controlled to maintain approxi-
mately 97 percent of diffuser critical pressure recovery within limitations of
full nozzle area excursion. As previously indicated, the engine air bypass system
and the exit nozzle system (Figures 23 and 24) are complimentary toward main-
taining critical diffuser pressure recovery under certain conditions. During low
T Mech number operation, at intermediate and high power levels, engine bypass con-
trol is required even with full open nozzle as shown in Figure 31. Second, the
high response critical control circuit is placed in the bypass system in order to
minimize actuator size and power to the more massive and higher loaded exit noz-
zle. Both the exit nozzle and bypass control systems operate from the same dif-
fuser probe pressures which describe critical pressure recoveries. However, the
two systems are calibrated with an incremental difference so that the bypass
) system is not activated except during conditions wherein the exit nozzle is in-
capable of maintaining critical recoveries. By these means, engine thrust and
specific fuel consumption are optimized except during brief transient periods
(Note Figure 31).
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The exit nozzle control is also relied upon to set engine aero-
dynamic flow conditions within specified limits required for ignition at all alti-
tudes and Mach numbers. These burner conditions are satisfied by adjusting the
exit nozzle in such a manner that approximately 65 percent of critical pressure
recovery is maintained under nonburning operation. This setting also assures
supercritical diffuser operation during the transition from cold flow to burning
operation. The exit nozzle area control for ignition 1s regulated through the
normal control system which is biased to maintain the lower pressure recovery
setting. Nominal exit nozzle positioning for maximum power and ignition scheduling
is shown in Figure 32.

The exit nozzle controller 1s an integrating type control with
velocity feedback. The controller unit consists of diaphragm motors which receive
the pressure recovery pneumatic signals and the velocity feedback signal. The
integrating diaphragm reuses the diffuser demand signals, one of which passes
through a restrictor thus providing the integral characteristic. The controller
1s stabilized by the second diaphragm which receives an exit nozzle position
signal from a pneumatic varlable pressure divider and ports the signal across the
diaphragm through a restrictor to provide an opposing force during transients.

The diaphragm motor system actuates the two-stage hydraulic servo valve to govern
exit nozzle actuator motion.

Fuel is used as the hydraulic working fluid for the controller
and piston type nozzle actuator. A high pressure hydraulic source (1500 psi) is
provided by the small (3 gpm) positive displacement pump which is directly driven
by the alr-turbine-driven mein fuel pump shaft.

D. Environmental Considerations

All fuel system and exit nozzle control system components are inte-
grated into one package assembly which is installed within the engine center body.
The system layout (Figure 53) illustrates the installation of the system. The
entire assembly is fuel cooled by the metered fuel flows and by the turbopump
bypass flow to the pump supply ejector. In addition, molded thermal insulation
is applied to external surfaces.

These cooling technlques make possible the use of magnesium castings
for most control housings under conditions of 1200°F ambient environment when
supplied with fuel at 500°F. Components such as the turbo pump inlet ducting and
the exit nozzle actuator, which are subject to convection and direct radiation
from combustion chamber and exit nozzle walls, are fabricated from high tempera-
ture steels. Special laminated high temperature spacers are used at the package
tie-down points to minimize heat conduction.

Addition of heat to internal control parts through flowing ram air
signal lines is avoided since all air is cooled by the fuel-to-air heat exchanger
which also provides the computing function in the air mass flow computer circuit.
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Conversely, heat conduction effects from the package body to the
bimetallic temperature sensers were minimized by locating the sensers at the ex-
treme forward end of the package, ahead of the steel fuel injector manifolding in
the package assembly, remote from the magnesium fuel cooled control sections.

The suitability of this approach toward achieving environmental re-
sistance was exhibited experimentally by subjecting pneumatic computers (with
diaphragm motors) and fuel flow regulators, in a packaged assembly, to the maxi-
mum environmental temperatures and heat transfer rates. The fuel metering valves
and cooling passages of the magnesium castings were supplied with fuel at near-
maximum temperatures. Control performance and structural integrity were satis-
factory after steady state temperature distribution was achieved and maintained as
shown in Figure 34. A photograph of the environmental test stand and the engine
model (control test cell) is shown in Figure 35.

Nonmetallic elements such as diaphragm motors and seals were further
evalugted experimentally in order to select the most reliable materials and
fabricating techniques for the required temperature operating range. Figure 36
describes the environmental life of the selected diaphragm material, which was
DuPont Feirprene elastomer on glass fabric. The manufacturing process was noted
to be the most significant factor in achieving satisfactory performance and life
at high temperatures for a given combination of materials.

E. Installation and Ground Check Features

The complete engine control, pump, and nozzle actuator assembly is
installed and removed through the center plug of the variable area exit nozzle.
The package tie-down point is located at the forward end of the exit nozzle where
steel supports, cast integrally with the exit nozzle actuator (See Figure 33) are
bolted to an engine structural ring. Forward package shear support is provided
between the forward steel fuel manifolding casting of the package assembly and
the forward engine inner body structural ring.

The leading edge of the inner body aerodynamic shape is incorporated
into the package design in order that fuel lines to the injector nozzles could be
attached to the package through slip joint seals. Thus, package installation and
removal is facilitated and connections remain sound under environmental tempera-
tures where axial differential expansion between the package and engine inner body
occurs.

All electrical lines, fuel supply lines, manual control input shafts,
external pneumatic signal lines and ground check lines are carried from the engine
attach pad through a single engine longeron to the inner body and control package.
Consequently, the control system installation is performed by attaching lines at
two points (fuel injector lines at the engine face and all other connections at
the engine attach pad) and bolting the assembly in place through the exit nozzle
at the aft engine structural ring.

CONFIDENTTAT,
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Provisions are made to ground check the operation of the fuel con-
trol and pumping system and the exit nozzle actuator system while the engine is
installed on a vehicle. A1l necessary connections and lines (additional to
normael flight connections) including auxiliary fuel control discharge ports,
pneumatic signal inputs, a turbo pump ground check air supply line, and a pneu-
matic control circuit vacuum line are provided at the engine attach pad. A
quantitative check of the package performance may be conveniently conducted by
use of these provisions for ground supplied hydraulic and pneumatic services.

F. Air Turbine Motor Accessory Drive

Accessory hydraulic and electrical power is provided through use of
an air turbine motor drive unit as the prime mover. Propulsion system diffuser
bleed air (See Figure 17) is ducted to the turbine motor unit. The unit is de-
<N signed to deliver full power requirements for the propulsion system and a vehicle.
AN Design horsepower outputs are a maximum of 54 horsepower for continuous operation
and 29 horsepower during aversge conditions.

The unit (and air ducting) consists of an upstream air inlet
throttling valve (and associated speed and overspeed controls), a single stage
turbine, hydraulic lubricating and scavenging pumps, hydraulic recirculating
pump for the alternator cooling system, a gear box and the two output power pads
for the alternator and hydraulic pump. The air turbine motor system is shown
schematically in Figure 37.

1. Inlet Power Control Valves

The inlet air valving is basically the turbine inlet duct. The
duct contains two valves capable of throttling bleed air flow to the turbine.
The forward valve is an on-off valve used for normal start and shut down functions
o as commanded by a signal to the electrical actuators. 1In addition, it receives arn
<~/' electrical signal from the overspeed governor to command emergency shutdown.

The aft valve is positioned by a hydraulic actustor to regulate
air bleed power to maintain constant turbine speed under transient and steady
state conditions of accessory power demand and availsble bleed air pressure
ratlios and mass flows from the engine.

2. Turbine Assembly

The turbine is an axial flow, single stage, reaction type unit.
The turbine operates with 100 percent admission with the speed controlled (32,000
rpm) by the inlet duct valve which varies the availsble air horsepower. Materials
for the disk and blade are forged Rene' 41 and investment cast T13C alloy, re-
spectively. Choice of these materials made design possible for safe operation at
130 percent overspeed at maximum temperature (1270°F) and yet control possible
failure within & narrow band of overspeed values at all operating temperatures.
Since failure would occur at the blade roots, all parts can be contained within
the exhaust duct section in the event of failure. The turbine shaft is mounted
in a ball and roller combination.
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3. Speed Controls

Design speed is maintained (to an accuracy of +1 percent) with a
fly ball type hydraulic governor driven by the turbine. The speed governor posi-
- tions the hydraulic actuator on the inlet air valve to control the turbine input
ram alr power.

o A mechanical fly ball governor is mounted on the turbine shaft
which actuates the shutoff air valve through & mechanical linkage in the event
of overspeed. The spring loaded governor initiates valve closing at 110 percent
overspeed and the valve is full closed at 120 percent overspeed.

4, Gear Box

— Power from the unit is provided at the output pads for the
alternator and hydraulic pump mounting, each turning at 8000 rpm. Speed reduc-
tion to the output pads is accomplished from a single reduction spur gearing

_ with the turbine shaft pinion and the output shaft drive gear. A secondary ac-
cessory pinion on the turbine shaft mates with s gear which mounts on the shaft
! which drives the speed control governor at 6000 rpm. The governor drive shaft

‘ " has a pinion that mates with two additional gears for driving the two lubricator
0il cooling pump arrays at 6000 rpm.

5. Lubricating and Cooling Systems

The lubricating and cooling systems (Shown in Figure 37) consist
of the turbine and gear box lubricating system, a generator cooling system, and
an oil cooling system. All system components, such as supply and scavenge pumps,
filters, oil sumps and relief valves, are integral with the air turbine motor de-
sign as indicated in Figure 38. The aft half of the gear case includes pads to
mount pumps, governors filter, etc. Oil lines are based in it to eliminate ex-
ternal plumbing, and the hot and cold sumps are cast on the front of the turbine
housing.

-7\

. The lubrication and cooling system for the turbine shaft and
bearings is designed to provide for operation under the severe thermal environ-
mental conditions of 300°F ambient temperature, -65°F to 300°F oil supply tempera-
ture, and 1270°F turbine air supply temperature. Lubrication and cooling is
accomplished by pumping the oil (Specification MIL-L-T808C) through & nozzle
jetting in to the end of the turbine shaft. Centrifugal force aids in discharging
the oil to three different locations. The first two are smsll lubricating jets
- discharging horizontally to the bearings. The third is for cooling purposes. The
oil flow (approximately 2 gpm) absorbs heat travelling through the shaft toward
the front bearing. It is then discharged from the shaft forward of the front

- bearing through holes drilled in a high thermal conductivity copper disk holding
carbon nozzle seals. The oil flow returns through the turbine housing around the
outside of the bearing, thus cooling the bearing internally and externslly.
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G. Development Status

Completion status of the inlet control system, engine fuel and con-
trol system, and the air turbine motor unit at the termination of this study is
tabulated below.

Inlet Engine Air
Phase Control Fuel & Turbine
System Control Motor
System Unit
a. OSystem concept and design approach 95% 98% 90%
| b. System and component detail design 90% 95% 80%
— anglysis
N
" c. System and component detail design 50% 50% Lo%
_ and release
d. Heat transfer analysis 50% 50% 60%
— e. Materials and stress analysis 80% 85% 85%
f. Component and element testing 5% 8% 0%
g. Systems testing 0% 3% 9%
h. Manufacturing investigation and 98% 989 90%
B tool engineering .
N V. CONCLUSIONS
N 22O LIS
w

MAC A673

As a result of the six-months study of the Mach U integral cruise
engine, it has been concluded that

1. A combustion system can be developed which can be spark ignited
and which will give combustion efficiencies up to 90 percent during near stoichio-
metric operation during climb and acceleration and 95 percent during Mach 4 cruis-
ing at lean fuel-alr ratios at altitudes on the order of 90,000 feet.

2. A lightweight ramjet engine structure, made largely of Rene' k41
alloy, can be fabricated and should withstand the environments imposed during long
preriods of crulsing operation at Mach 4 (incorporating an overlapping leaf,
variable plug exit nozzle).

3. An engine fuel pumping and power control system can be built
largely from modified XRJL3-MA-9 (Bomarc B) components which will provide neces-
sary fuel pressurization and power control during long periods of cruising opera-
tion.

4. Stated more generally, it is concluded that the Mach 4 integral
cruise ramjet engine state of the art has been sufficiently well established to
be used as a foundatlon for immediate development of flight equipment.
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FIGURE 4 - Mach 4, 30-inch Diameter Structural Test Engine, Side View
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FIGURE T - Mach 4, 30-inch Struectural Test Engine, Looking Aft
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FIGURE 16 - Prototype of Flight Engine
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INTRODUCTION

Thie specification defines the requirements for PFRT of an integral
remjet engine including air induction control and actuvation system.

SECTION I - ENGINE MODEL SPECIFICATION

1. GENERAL DESCRIPTION

1l.1. The ramjet engine shall be of nominal 38-inch combustion
chamber diameter and shall consist of a burner entrance section, combustion
chamber, variable throat area exhaust nozzle, fuel pumping system; fuel and
exhaust nozzle control systems, fuel distribution system, flame holder and ig-
nition systems.

1.2. The engine physical and performance characteristics are
defined completely herein.

2. INSTALLATION FEATURES

2.1. Dimensions.--An installation drawing of the engine is
shown in Figure A-l1. The dimensions are noted both for 7O°F and also at maxi-
mum operating temperature. Detailed engine drawings shall be provided the aire
frame contractor as they become available.

2.2. Weight.--The dry weight of the complete engine excluding
instrumentation and excluding control intelligence pressure lines forward of
the engine inlet shall not exceed 920 pounds. This weight also excludes any
exterior shrouds and attachments therefore ducting diffuser bleed air aft, and
excludes the weight of any insulation which may be required between the engine
and the sirframe.

3. PERFORMANCE CHARACTERISTICS

3.1. The ratings and curves shown are based upon the terms defined
herein and Type RJ-1 fuel at its minimum heating value of 18,500 Btu/1b. The
applicable fuel specification shall be MIL-F-25558B. The performance ratings
are listed in Table A-I.

3.2. Performance at conditions other than the rating points is
prresented in Figures A-3 through A-23. This performence includes the effect of
alr bleed for cooling, leskage, and driving the air turbine fuel pump. Figure
A-3 is acceleration performance with the variable exhaust nozzle in its maximum
open position. Figures A=l through A-12 are acceleration and climb performance
wherein the exhaust nozzle throat area is variable as is the fuel-air ratio.
Figures A-13 through A-15 are transition performance, acceleration to cruise.
Figures A-16 through A-23 are cruise performance at specific engine inlet total
temperatures.
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3.3. A reference engine mission curve is shown in Figure A-2L.
This curve i1s related to an assumed diffuser performance shown in Addendum I.

3.4. Ignition and Reignition.--The engine shall make consistent
successful starts in the operating envelope shown in Figure A-25. In the event
the engine blows out, reignition shall be obtained within____seconds after the

. transient causing blowout has ceased and reignition manual command is received
anywhere within the envelope shown in Figure A-25.

3.5. Cold Flow Engine Operation.- The engine shall perform as
shown in Figure A-26 during cold flow operation.

4, ENVIRONMENT
L.1.  ILimits Imposed on Engine.-

' 4.1.1. Inlet.- The engine shall deliver the performance specified
in Section 3.2 at the ranges of engine inlet air flow and total temperature shown
in Figures A-27 and A-28. The engine inlet air flow shall have maximum allowable
deviations from the mean inlet total pressure and mean Mach number of + 5 percent
and/or + 20 percent, respectively, over the central 95 percent of the inlet area.
There shall be no reverse flow anywhere over the engine inlet area.

L.1.2. Rate of Change of Inlet Conditions.- The performance
specified in Section 3.2 shall be obtained with a maximum rate of change of in-
let conditions not in excess of 150 percent of those in the reference mission
curves of Section 3.3.

4.1.3. External Cooling Air Requirements.- To be determined.
h.2. Limits, Engine Generated.-

4.2.1. Limiting Zone Temperature and Heat Rejection.- To be
determined. C e e

4.,2.2. Vibration.- To be determined
5. PILOT CONTROL PROCEDURES

5.1, Pilot precedures for operating and controlling the engine
system are described in Figure A-29 and Table II. Figure A-29 schemgtically
shows the discrete throttle positions which select the mode of engine system

 operation and also shows the ranges of throttle positions for operating modes
vwherein thrust modulation is available. Table A-II describes the operational
sequences of all controlled varisbles of the engine system as correlated with
typical mission requirements.
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TABLE A-II
ENGINE OPERATING SEQUENCE 8
. 2,
Fxit Voainal Tominal &)
Operational Remarks Thrust Nozzle Exit # Fuel #2 Fuel Ignition FPEngine. Combustion o
Conditions Throttle Switch Nozzle Injector Injector Switch Inlet Chamber . Gl
Position Position Position Flow Flow Air Temperature Gas Temperature =z
~ (°F) (°r) 5
1. Take Off Closed ~
& Carry 1. Exit Nozzle Locked off Closed* (Locked) ofe off off - .- -
Closed
2. PreStart 1. Energize Panel ofe Ignition Open ore ore org -- -
Sequence 2. Open Inlet Cover .
. 3. Start Boost Pumps Ready Ignition Open ofe ofe off -- -
k., Open Engine Fuel
Supply Velve
5. Exit Nozzle Controlled
to Ignition Position
by Shock Position
Control (S.P.C.)
6. Start Inlet . :
3. Engine Start 1. Activate Ignition Ready Ignition Controlled ore ore On 200 to 300 200 to 300 <
Switch (By-pass Door Position 3
Closed) for Super- z
critical &
t & Q
2. Place Throttle in Min. Min. Ignition Controlled On off Off 200 to 300 1500 N
Thrust Position Thrust Position (Ig. F/A o \3
for Super- Sched. ) SIS
eritical ] Q
- inlet : z
3. Place Exit Nozzle Min. Thrust  Controlled On ogf orr 200 to 300 1500 I
Switeh in Thrust Posi- Thrust Position (Max. Th.
tion After Ignition for Critical F/A
{Bypass Door Closed) Inlet Schedule)
4. Maximum Thrust 1. Exit Nozzle Opens Full -Max. Thrust Full Open On On off 200 to 300 3200
for Power ’ Thrust (Max_ Th. (T
Burst Check & F/A Demond
Separation . Schedule ) Control)
2. Bypass Door Opens as R
Required . - 11"
5. Acceleration 1. F/A Scheduled for Max. Max. Thrust  Varies from _on_ On ors 200 to 2175 3200
. Ts Thrust Full (Max. Th. (Tt
i to Closed F/A Demand -
Position . Schedule) . trol)
with Flight -
Speed to »
Maintain 3
Critical Operation =
\J)
@
o
3]
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6. ENGINE CONTROLS AND FUEL SYSTEM
6.1. General Description.- The power control system

shall consist of an engine bleed air turbine fuel punp system, a fuel flow
regulating system, a variable exhaust nozzle actusting and control system; an
electrical ignition system; a mechanical menual input control system, a pneu-
matic signal sensing system, and appropriate instrumentation readouts. The
power control system shall be packaged within the engine installation envelope
with the exception of the pneumatic signal sensing system which shall be located
at suitable positions in the engine and air induction system. The power control
system shall require no power supplies external to the engine other than the low
pressure fuel supply to the engine, pneumatic flows and pressures from the
pneumatic signal sensing system, and electrical power.

6.2. Operating Description.- The power control system
shall automatically control engine fuel flows, engine exhaust nozzle position,
and induction system pressure recoveries so &s to establish and ‘maintain the de-
sired mode of engine operation ss determined by manual input selection. The
controllable modes of engine operation shall be as shown in Figure A-29 and
Table A-IT as itemized herein.

6.2.1. Thrust Control Inputs.-
6.2.1.1. Off Position.-

6.2.1.2. Ready Position.-

6.2.1.3. Minimum Thrust Positions.-
6.2.1.4. Cruise Thrust Position(s).-
6.2.1.5. Maximum»Thrust Position(s).-
6.2.1.6. Emergency Thrust Position(s).=
6.2.2. Exit Nozzle Control Inputs.-
6.2.2.1. Ignition Position.-

6.2.2.2. Thrust Position. =~

6.2.2.3. Closed Position.-

Declassified in Part - Sanitized Copy Approved for Release 2012/08/13 : CIA-RDP89B00487R000400740011-9
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6.3 Perf P Control Syst Th trol

system shall perform with characteristics and accuracies so as to provide the
following engine and induction system performance.

6.3.1. Engine Performance.- The power control system shall
control engine variables so that the engine shall deliver the performance
specified in Sections 3.1, 3.2, and 3.k.

6.3.1.1. Cruise Thrust Gain.- The power control system shall
provide a thrust change to Mach number change characteristic as shown in Figure
A-30 dQuring cruise operation.

6.3.2. Diffuser Performance.- The power control system
shall limit and msintain diffuser pressure recovery in accordance with Figure
A-31 during engine and diffuser operating conditions wherein control of pressure
recovery is required, provided pneumstic signal intelligence to the engine is in
accordance with paragraph 6.4.1.

' 6.k, Enviromment.- The engine control system performance
levels described herein are applicable to typical operating conditions of an
isclated engine with regard to engine and control inputs. In cases of multiple
engine application, the stated performance levels shall be provided if no steady
state interaction of diffuser and engines subsystems exists and if possible
dynamic interaction exists in the phugoid mode only.

6.4.1.  Pneumatic Signals.- The power control.system shall
provide the performance specified in Section 6.3 provided that pneunatic signals
accurately describe characteristics such as percent of diffuser mean pressure
recovery less than the diffuser can deliver with inlet started conditions. ' The
diffuser pneumatic signals shall provide the minimum pressure levels, gains, as
shown in Figure A-32.

6.4.1.1. Location of Diffuser Pneumatic Signal Probes.- Probe
configurations, location, connecting plumbing, and their signal characteristics
shall be mutually determined.

6.4.1.2. Icing Conditions.- The induction system design shall
provide suitsble protection against icing conditions to the engine power control
signal probes and pnewmatic intakes during engine nonoperating periods. No pro-
tection shall be required during engine operation.

6.4.1.3. Pneumatic Contemination.- The control system shall
incorporate suitable filters for pneumatic signal inputs. Limits of contam-
ination contents of the air from the pneumatic signal sensing system probes shall
be determined.
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6.4.2, Rate of Change of Conditions.- The power control
system shall perform satisfactorily under the rate of chenge of engine inlet
conditions specified in Section 4.3. The engine control system shall not be
required to maintaein diffuser inlet started operation during those transients
which could cause diffuser inlet shock expulsion.

6.4.3. Fuel Sypply.- The power control system shall operate
satisfactorily when supplied with fuel at the engine inlet having temperatures
ranging from OOF to +4500F and fuel densities within the ranges presented in
Figure A-33.

6.4.3.1. Fuel Pressure.- Fuel shall be supplied at the engine
inlet with maximum pressures in accordance with Figure A-3L4 and with pressure
variations within the limits shown by Figure A-35.

6.4.3.2. Fuel Temperature Time Reference.- Fuel supply
temperature as shown in Figure A-36 shall be used as the reference for all
qualifying testing procedures.

6.4.3.3. Fuel Contemination.- The engine shall perform
satisfactorily when supplied with conteminated fuel. The extent and consistency
of fuel contamination shall be determined.

6.4.4, Fuel Leskage.- There shall be no fuel leakage from
the power control system except from ports and drain lines specifically provided
for this purpose. Fuel leakage characteristics shall be as mutually agreed.

6.4.5. Fuel Resistance.- The materials and designs used
in the power control system shall be satisfactory when tested with the fuel(s)
~ specified in Section 3.1. :

6.4.6. Electrical Power Supply.- An electrical power supply,
external to the engine, shall be provided to the control system. It shall con=
sist of a 250 watt, single phase, 110 volts, 400 cycle, intermittant supply. The
time duration(s) requirements for the power supply shall be determined.

6.4.7. Electrical Interference.- Electrical interference
from the power control system shall conform to the applicable portions of
Specification MIL-1-6181B.

6.4.8. Static Exposure.- The control system shall operate
satisfactorily subsequent to soaking periods at hot and/or cold embient tempera-
tures. Values of soasking times and temperatures shall be determined.

6.4.9. Lubrication.- No external source of lubrication
shall be required.

6.5, Connections. -

C A3
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6.5.1. Throttle Input Connections.- To be determined.
6.5.2. Indicators.- Signals describing engine inlet sair

temperature, engine exhaust gas temperature, and engine compartment overheat
temperatures shall be provided. :

6.5.3. Ground Check Provisions.- Provisions shall be made
in the engine control system design for pneumatic hydraulic, and electrical
connections and calibration edjustments required during ground check.

7. PFRT TEST

T-1. Engine Selection.- The engine with all self-con-
tained equipment shall be subjected to the PFRT only after successful completion
of an acceptance test as defined in Section 8.

T.2. Endurance Runs.-

T.2.1. Procedure.- The complete engine, including all
controls and accessory devices, shall be installed in the test facility with
sufficient instrumentation to determine test conditions and performance. Cooling
shall be simulated and designed to maintain material temperatures at the maximum
value anticipated in flight. During these tests, the power control system shall
meter the fuel to the burner and control the exit nozzle area. Variation in
power control settings to give desired engine operating conditions shall be made
by & manual throttle control and by synthetic inputs which shall be utilized to
simulate intelligence which is normally derived from sources external of the
engine. Readout indicators as furnished shall be utilized.

- T.2.2. Tests.- The endurance test shall consist of four
simulated reference trajectory runs. The trajectories shall be simulated as
closely as the test facility capabilities allow in terms of engine inlet air flow
and temperature as defined in Figure A-2k.

T.2.3. Performence.- The calibrastion and tolerances of the
throttle position at the engine and the functional operation and tolerances of
the readout indicators shall be demonstrated during the following power traverses:
minimum end maximum accelerstion powers, minimum cruise power, and maxlimum cruise
power. Engine cruise specific fuel consumption shall be measured frequently
during the reference trajectory runs and shall increase continuously no more than
5> percent form the initial cruise phase of the first mission to the final cruise
phase of the fourth mission.

T7.2.4., Inspection Procedure.- Subsequent to the fourth
simulated trajectory run, the engine shall be completely disassembled and each
inspected dimensionally. No part shall have deformed to the extent that it would
be capable of causing power failure. Details of this inspection shall be deter-
mined.
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7.3 Compc_)nent Test .-

Acceptance Test as defined in Section 8.

7-30201. Hot melo-
7.3.2.2. Cold Fuel.-
7.3.2.3. Fuel Contamination.-

7.3.2.4. Soaking.-

8. ACCEPTANCE TEST
8.1. To be determined.

9. DELIVERY PROCEDURE

delivery procedure shall be determined.)

10. NOTES AND NOMENCLATURE

. ~ 10.1 Nomenclature.~

T.3.1. Selection of engine control and fuel system com.-
ponents for PFRT shall be predicated on prior successful completion of an

: T.3.2. Tests.- Bench tests simulating reference trajectories
as defined in Section 7.2.2. shall be made. (The details shall be determined.)

T.3.3. Irispection Procedure.- To be determined.

9.1. Following successful completion of the Acceptance
Test and prior to delivery the engine shall be preserved for storage. (Detailed

Symbol Description Unit
A Flow area 8q in.
F/A Ratio of fuel flow to air flow none
M Mach number none
P Pressure lbs/sq in.
sfc Exit specific fuel consumption 1bs fuel/hr
' 1b absolute exit thrust
T Temperature OR or OF
t Time min or hr
- V2
g Ty Absolute exit thrust = BAc (1 +{6°67) 1bs .
S W Weight flow PpS
s e Dntdtn AL monmndOLa lamd
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Refers to stagnation conditions

Engine Stations -

2
3

Engine entrance station

Fictitious station at maximum combustor flow area

Combustor exit station (A = 1001 sq in.)

Geometric exit nozzlé throat

Engine exit station

arquardf
CORPORATION
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Subscripts Description
a Air
E Exit
f Fuel
t
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SECTION II
AIR INDUCTION CONTROL & ACTUATION SYSTEM
NOTE
* Deflection of items so ma “ked; pending receipt of suitable
inlet data.
*% Deflection of items so marked pending application.,
R
LB
<
v
<

Declassified in Part - Sanitized Copy Approved for Release 2012/08/13 : CIA-RDP89B00487R000400740011-9 {




_

Declassified in Part - Sanitized Copy Approved for Release 2012/08/13 : CIA-RDP89B00487R000400740011-9

AC AST3

°

e ¢4 74
arquardyf
A 5803
CONFIDENTIAL VAN NUYS, CALIFORNIA REPORT,

MODEL SPECIFICATION
AIR INDUCTION CONTROL & ACTUATION SYSTEM

1. SCOPE

1.1. Scope.- This specification describes the design, performance,
and test procedures for the varigble geometry air induction control end actuation
system of the ramjet powered aircraft, designated ________.

2. APPLICABLE DOCUMENTS

3. SYSTEM DESIGN
3.1, System Description.-
3.1.1. Functigns.w

3.1.1.1. Primary Function.- The primary function of the air icduction
control and actuation system described herein shall be to position the variable
geometry surfaces of the air induction system in such a manner as to provide the
pressure recovery and air flow matching required for satisfactory operation of
the propulsion system anywhere along the flight path defined in Figure A-37 of
this specification. This function shall be accomplished as follows:

a. The ramp control system shall position the inlet ramps
to hold throat parameter pressure ratic Fii/Py* constant
(See Figure A-38). The control system shall b of the
closed loop type with the loop closed aerodywmanically
through the inlet.

b. The bypass control system shall position the inlet by-
Pass doors in such. a manner as to maintain the normsl sheck
parsmeter pressure ratio Py, /Py'# (Refersnce Figure A-38)
constant. The system shall-be gf the closed loop type with
the loop closed through the engine,

3.1.1.2. Resterting.- The air induction control system shall provide
for automatic restarting of the inlet in case of normal shock expulsicn anywhere
along the flight path specified in Figure A-37 of this specification.

3.1.1.3. Manual Options.- Solenoid operated switches in the pilot
compartment shall provide the following modes of operstion:

a. Remp System.=-

"Extend".~- The controller is overridden to hold the
ramps in the fully extended position.

—  Declassified in Part - Sanitized Copy Approved for Release 2012/08/13 : CIA-RDP89B00487R000400740011-9 J
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"Retract".- The controller is overridden tc hold the
ramps in the fully retracted position.

"Auto".- This setting releases the controller for
normal, automatic operation in accordance with the require-
ments set forth in this specification.

b. Bypass System.-

"Open".- The controller is overridden to hold the by
pass doors in the fully open position.

"Closed".- The controller is overridden to hold the by
pass doors in the fully closed position.

"Auto".- This setting releases the contrclled for nor-
mal, sutomatic operation in accordance with the requirements
of this specification.

3.1.1.4. Dual Systems.- The actuation portion of the air induction
control and actuation system shall be duplicated to provide for operation of
two completely independent hydraulic supply systems. The actuators of each of
the two independent systems shall be capable of operating the variable geometry
surfaces with the other system failed at all conditions in the fiight envelope
at and above 80,000 feet altitude.

Two ramp controllers and associated probes shall be pro-
vided with one of the two serving normelly as a standby unit. Switching from
one controller to the other shall be accomplished manually from the pilot com-
partment.

3.1.2. Block Diagrams.- Block diagrams for the remp and the bypass
control systems are shown in Figure A-39 and Figure A-40O, respectively.

3.1.3. Components.- The complete air induction control and sctus-
tion system shall consist of one ramp positioning system and two independent by-
pass door positioning systems. The ramp positioning system shall serve both

engine inlets. Each of the bypass door systems shall serve one of the inlet
ducts.

- 3.1.3.1. Ramp Positioning System.- The system comprises the follow-
ing components:

2 Ramp controllers
1 Servo unit
2 Ramp actuators

4 Probes

C A3
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paragraph 4.6 of this specification.

3.1.3.1.1. Remp Controller.- The ramp controller shall be s pneunatic
sensing and computing device with electro-pneumatic valves added for manual
commands. The electro-pneumatic valves shall be actuated by a three-position
mode and a two-position selector switch in the pilot compartment.

With the mode switch in the "Auto" position the controller
senses the actual value of the throst parameter pressure ratio, Pth/Pt's com-
pares it to the desired fixed value and regulates a pneumatic output td the servo
unit such as to move the ramps in the direction to correct the error. With the
mode switch in the "extend" or "retract" position the pneumatic output signal is
biased such as to cause the servo unit to port hydraulic pressure to either side
of the actuators to hydraulically lock the remps in the extended or retracted
position respectively.

The controller shall be designed in accordsnce with the
requirements specified in paragraph 4.2. of this specification.

3.1.3.1.2. Ramp Servo Unit.- The ramp servo unit shsll be a pneumaticd
hydraulic device which converts the pneumatic signal generated by the ramp con-
troller into a hydraulic output to the ramp actuators. The unit contains two
hydraulic servo valves, one for each actuator and the corresponding supply sys-
tem. These servos are operated by a common pneumatic piston. Two unloading
valves are incorporated, one for each &ctuator, which connect both ports of an
actuator to system return in case of a supply system failure. These valves are
held in the nominal position by the system supply pressure.

The servo unit shall be cooled by separate flow of
hydraulic fluid from both supply systems. The hydraulic flows from the two
independent supply systems are completely separated to prevent any possibility of
cross flow in case of failure of one of the supply systems (See flow schematics
in Figure A-41 of this specification).

Design of the remp servo unit will be in accordance with
the requirements of paragraph 4.4 of this specification.

3:1.3.1.3. Ramp Actustors.- The actustors will be of the linear
piston hydraulic type. Synchronization of the two actuators in the system will
be achieved mechanically in the airframe portion of the ramp actuation system.
The actuators will be cooled by a separate cooling flow circuit off the uydvraulic
supply going to the particular actuator as shown in Figure A-U1 of this specifi-
cation. The actuators will be designed in accordance with the requirements of

3.1.3.2. Bypass Positioning System.- Each of the two bypzss posit-
ioning systems shall consist of the following components:
1 Bypass controller
1 Servo unit

2 Bypass actuators

2 Probes
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3.1.3.2.1. Bypass Controller.- The bypass controller shall be &
rneumatic sensing and computing device which generates a preumatic output to the
servo unit. An electro-pneumatic valve provides for manual inputs from s three-
position mode switch in the pilot's compartment.

With the mode switch in the "Auto" position, the controlle:
senses the actual value of the shock position parameter ratio Py /Pté, compares

it to the desired fixed value, and regulates a pneumatic ocutput To the servo
unit in such a manner as to move the bypass doors in the direction of removing
any existing error. With the mode switch in the "open" or "close" position;, the
pneunatic output signal is biased in such a manner that the servo unit ports
hydraulic fluid to one side or the other of the actuators. This will hold the
bypass door in the fully open or closed position, respectively.

The controller shall be designed in accordance with the
requirements of paragraph 4.3 of this specification.

3.1.3.2.2. Bypass Servo Unit.- The bypass servo unit is a Pneumatic-
hydraulic device which converts the pneumatic signal generated by the bypass ccn-
troller into a hydraulic output to the bypass actuators. The unit contains two
hydraulic servo valves, one for each actustor and the corresponding supply sys-
tem. These servos are operated by a common pneumatic piston. Two unloading
valves are incorporated, one for each actuator, which connect both ports of an
actuator to system return in case of a supply system failure. These valives are
held in the normal position by the system supply pressure.

The servo unit is cooled by separate flow of hydraulic
fluid from both supply systems. The hydraulic flows from the two independent
supply systems are completely separated to prevent any possibility of cross flow
in case of failure of one of the supply systems (See flow schematics in Figure
A-42 of this specification).

Design of the bypass servo unit shsll be in accordsnce
with the requirements of paragraph 4.5 of this specification.

3.1.3.2.3. Bypass Actuastors.- The bypass actuators shall be of the
linear piston hydraulic type. Synchronization of the two actuators in the sys-
tem will be achieved mechanically in the airframe portion of the ramp actuation
system. The actuators will be cooled by a. separate cooling flow circuit off the
hydraulic supply going to the particular actustor as shown in Figure A-42 of
this specification. The actuators shall be designed in accordance with the re-
qQuirements of paragraph 4.7 of this specification.

3.1.3.3. Probes.- Suitable probes will be installed on the inlet
and in the inlet duct to provide the controllers with the necessary pneumstic
signals and the servo units with pneumatic power. These probes will be located
&s shown in Figure A-43 of this specification*. Location, type, and cheracter-
istics of these probes will be determined on the basis of inlet test dats to be
supplied by the air frame contractor. The probes shall be designed in accordance
with the requirements specified in paragraph 4.8 of this specification.
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3.1.3.4. Heat Exchanger.- An air-to0-o0il heat exchanger shall be
incorporated in the main pneumatic supply, Py, , to the controllers and the servo
units. This heat exchanger cools the air whigh flows through the ramp and bypass
controllers to a level commensurate with the operating temperature of these
units. The purpose of cooling the air to the servo boosters is to prevent local
overheating of the working fluid in these units. Cooling will be accomplished by
completely independent hydraulic flows from the two supply systems as shown in
Figure A-41 of this specification. The heat exchanger shall be designed in
accordance with paragraph 4.9 of this specification.

3.1.h4. Operation.- Operation of the air induction control and
actuation system is described in the following paragraphs and summarized in
Table A-III for a typical mission and significent special conditions. Manual
switches and instrumentation are shown in Figure A-Lk,

3.1.4.1, Teke-off and Carry.- The air inlets are covered, the
hydraulic systems de-energized. Position of the mode switches is immaterial in
the absence of hydraulic and pneumstic power.

3.1.4.2. Prelaunch.- The pilot switches the ramp and the bypass
systems on "auto". The inlet covers are removed and the hydraulic systems are
energized. The ramps cycle to start the inlet, the bypass modulates as required
to permit the normal shock to be swallowed. After the starting transient and
prior to ignition, the bypass doors close. The inlet operates supercritically
with the engine exit nozzle in ignition position. During ignition of the engine
and the engine check-out precedure, the bypass doors modulste the bypass flow
as required to maintain specified critical operation. The inlet instrumentation
shown in Figure A-lU4 allows the pilot to monitor all inlet operations by observ-
ing the position indicators and the mode indicator lights.

3.1.4.3, Launch, Acceleration, Climb, and Cruise.- The ramps ex-
tend and retract automaticelly as required to maintain the correct throat para-
meter value. The bypass doors modulate as required to maintain specified
critical (inlet operation), closing gradually as flight Mach number increases.
The bypass doors reach the fully closed position at the Mach number where inlet
and engine air flow match with the engine exit nozzle wide open. From this point
on, the bypass doors remain normally closed and the exit nozzle takes over on
the critical control. During fast transients, which the exit nozzle cannot
follow, the bypass doors will open temporarily to prevent expulsion of the
normal shock.

3.1.4.4. Descent.~ During the first portion of the descent to
condition (defined in Figure A-37), both systems continue to operate as before.
Below this condition, the pilot switches the ramps to “retract", locking them
hydraulically in the retracted position. Similarly, the bypass doors are
hydraulically locked in the closed position by placing the bypass switch in the
“close" position.

- Decla;sified in Part - Sanitized Copy Approved for Release 2012/08/13 : CIA-RDP89B00487R000400740011-9
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3.1.h.5, Inlet Restart.- In the case of shock expulsion (angle of
attack transients beyond the specified capability of the system, etc.) the ramps
cycle and the bypass doors open until the inlet is restarted. This occurs auto-
matically. The pilot monitors the inlet restart by observing the motion of tne
ramp and bypass position indicators.

3.1.4.6. Hydraulic Systems Failure.- In case of a failure of one
of the two independent hydraulic supplies, the unloading valves in the failed
system automatically connect both sides of the actuators in this system to re-
urn to reduce the “drag" of these actuators to a minimum. The remaining actuatorg
connected to the operative supply system will continue to operate as before, ex-
cept for a reduction in performance commensurate with the actuator requirements
of paragraphs 4.6 and L4.7. ,

3.1.4.7. Controller Failures.- If the operative ramp controller
suffers a failure, which the pilot can detect by way of the inlet instrumentation
(e.g. continuous cycling, drift to wrong position, etc.), the switches menually
to the other controller. This isolates the failed controller from the system
end permits normael operation of the remp system.

In the case of a bypass controller failure, the pilot
selects one of the two override positions, "close" or "open" depending on the
type of failure and the point along the mission. : ‘

3.2. Performance. -

3.2.1. General.- The system performance specified in the follow~
ing paragraphs is based on

a. The nominal hydraulic supply system requirements
. specified in parsgraph 3.4.1 in this specification.

b. The actuator load and stroke requirements defined in
paragraphs 4.6 and 4.7.

c. The structural requirements defined in paragraph h.l.

3.2.2. Ramp Positioning System.-

3.2.2.1. Accuracy.- During steady state operating conditions,; the
ramp positioning system will maintain the throsat paremeter pressure ratio
constant within +...... %%, .. -

When subjected to the maximum short duration acceleration
loads defined in paragraph L.l, the accuracy tolerance band will temporarily
widen to +.__%%, '
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3.2.2.2. Transients.- The ramp positioning system will be capable
of positioning the ramps at a rate sufficient to prevent shock expulsion dquring
aircraft angle of attack transients of 5°/second, provided that this transient
condition does not result in other disturbances beyond the control of the ramp
system which cause expulsion of the normal shock.

3.2.2.3. Ground Calibration.- Manual adjustments on the control
will permit variation of the throat parsmeter pressure ratio Pth/Pti from
to -% Following calibration of the controller on the ground, these adjust-
ments will be positively locked and will remain unchanged during the flight.

3.2.3.

3.2.3.1. Accuracy.- During steady state operating conditions, the
control system will control the normal shock (or shock train) such as to maintain
% of critical pressure recovery within + 0%*%. The critical recovery referred
to here is the maximum stable recovery attainable by the inlet at the specified
condition.

Bypass Positioning System.-~

When subjected to the maximum short duration accelerstion
loads defined in paragraph 4.1, the accuracy tolerance band will temporarily
widen to + %%,

3.2.3.2. Transients.- The bypass positioning system will be cepable
of maintaining the specified percentage of critical operation during transients
requiring a rate of change of the bypess area of sq ft/sec.*

3.2.3.3. Ground Adjustments.- The control will provide for ground
adjustment of the shock position computer corresponding to to * of crit-
ical recovery. After calibration on the ground to the desired value, the adjust-
ment will be positively locked and remain unchanged during the flight.

3.3. Weight. - The weight of the complete air induction con-
trol and activation system as defined in paragraph 3.1.3. of this specification
will be __ pounds. This is compqsed of the following individual weights:

2 Ramp controllers  pounds each¥¥
1 Ramp servo unit __ pounds

2 Bypass controllers __ pounds each
2 Bypass servo units___ pounds each
2 Remp actuators __ pounds each

4 Bypass actuators___ pounds each

1 Heat exchanger _ pounds

Probes, lines, and fitting, filters, etc. pounds
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3.k, Power Requirements.-
3.k4.1. Hydrsulic.- The air induction control and actustion

system will meet the performance requirerents specified herein when supplied
with hydraulic fluid, Oronite 8515, Specification MIL-H-8556A, at the following
conditions:

Pressure: Supply 3000 nominal
3050 psi maximum
2250 psi minimum
Return 60 to 80 psi nominal
600 psi maximum
Temperature: Inlet -20 to 300°F
Outlet -20 to 350°F
Flow:

Internal Leakage: 0.15 GMP per system for ramp
actuation

0.15 GMP per system for bypass
actuation

NG % I I T Reduced performance of the system will be acceptable at
fluid inlet temperatures between -65 and -20°F.

3.k.1.2. In addition to the actuation flow requirements, each of
the supply systems must provide for continuous branch flowe to the various
system components requiring cooling as shown in Figures A-kl snd A-L2. Metering
and throttling of these cooling flows will be achieved by fixed orifices st the
inlet to each component. The cooling flows required by each component sre shown

in Figures A-4l and A-42., The total cooling flow required per supply system will
not exceed — GMP.¥*¥

3.4.2. Electrical.- Operation of the manual inputs to the system
requires an electrical power supply of 28 volts d-c. Power ratings will be as
specified in the appliceble component sections under paragraph 4.0 of this
specification.

3.4.3. Pneumatic.- The pneumatic power supply will be obtained
from the air induction system by means of the probes furnished as part of the
equipment covered by this specification and defined in peragraphs 4.8. Airframe
furnished transmission lines shall be in aceordsnce with the requirements shown
in Figure A-45 of this specification.
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L, COMPONENT DESIGN
L.1. General Structural Requirements.- All components covered

by this specification will meet the general design requirements listed in the
following paragraphs.

h.1.1. Life.- The components will be designed for a minimum
operational life of 50 hours, except where otherwise specified in the detailed
component specifications herein. Demonstration of this life by test will not be
required except where noted specifically in the detailed requirements.

h.1.2. Flight Maneuver Loads.- All components covered by this
specification will be capable of withstanding the flight maneuver loads specified
in the following paragraphs without suffering demage or deterioration of per-
formance. All attachments and connections will be designed to withstand these
loads without breaking or permanent deformation.

h.1.2.1. Vibration.- The components will operate satisfactorily
when subjected to vibrations within the operating vibration spectrum shown in
Figure A-46. Mean values of performance (RMS) will be within the tolerances
defined in the individual component performence specifications below, unless
otherwise noted therein. Nonoperating vibrations shall not exceed those shown
in Figure A-L6.

h.1.2.2. Acceleration.- All components covered by this specificat-
ion will operate satisfactorily when subjected to the acceleration conditions
specified below. Performance deviations will not exceed those specified in the
individual component performance requirements. Nonoperating acceleration limits
shall not exceed the values specified below.

k.1.2.3. Shock.- The equipment covered by this specification will
perform in accordance with the performance specified herein after having been
subjected to the shock conditions specified below.

k.2, Ramp Controller.-
h.2.1. Performance.-%*
h,2.2, Weight.- The weight of the ramp controller, including all

fittings, solenoid valves and electrical connectors will be —___1bsg,.%*

4.2.3. Space.- The controller will fit within the space envelope
shown in Figure A-47 of this specification. Attachments » pneumatic connections,
and electrical connections will be as shown in Specification Drawing .
Orientation of the controller in the vehicle shall be as shown on this drawing.
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- h.2.4. Enviromment.- The controller will operste under the follow-
ing environmental conditions:
_ Ambient pressure: 0.l to 15 psia
Ambient temperature: -65 to 300°F
- 4.2.5. Endurance.- Endurance of the controller will e demon-
L strated during the evaluation test (FRT) defined in paragraph 5.0 of this specifi-
' cation.
4,2.6. Electrical Power.- The power ratings of the Mach number
; switch and selector switch solenoids will be as shown in Figure A-48.
. 4.3, Bypass Controller.-
S 3 yP
ﬁ h.3.1. Performence.-%
— .
k.3.2. Weight.- The weight of the bypass controller, including

{‘ all fittings, solenoid valves and electrical connectors, will be____1bs. %%

k.3.3.

L.2.h.

following environmental conditions:

Ambient pressure: 0.1 to 15 psia

\_ Ambient temperature: -65 to 300°F
4.3.5. Endurance.- Endurance of the controller will be demonste

- rated during the evaluation test (FRT) defined in paragraph 5.0 of this specifi-
cation. '

— 4.3.6. Electrical Power.- The power rating of the mode switch
solenoid will be as specified in Figure A-48 of this specification.

_ , h. L, Ramp Servo Unit.-

: h.h.1. Performance. -%*

= L.h.2, Weight.- The dry weight of the ramp servo unit, including

D b.4.3.

shown in Specification Drawing .
be as indicated on this drawing.

C A&7

Space.- The controller will fit within the space envelope
: shown in Figure A-49 of this specification. Attachments, pneumatic connections,
. and electrical connections will be as shown in specification drawing ___ .
Orientation of the controller in the vehicle shall be as shown on this drawing.

Enviromment.- The controller will operate under the

all pneumatic and hydraulic fittings, insulation, will not exceed____1lbs.**

Space.- The space envelope of the ramp servo unit includ-
ing insulation will not exceed that shown in Figure A-50 of this specification.
Mounting provisions, pneumatic connections, and hydraulic connections will be as
Orientation of the unit in the vehicle shall
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bk, Environment.- The servo unit will operate under the
environment specified in the following provided that the hydraulic cooling flow
requirements shown in Figure A-L1 are met:

Ambient pressure: 0.1 to 90 psia
Ambient temperature: -65 to 1175°F
h.k.s5, Enduranée.- Endurance of the servo unit will be demonst-

rated during the evaluation tests (FRT) defined in paragraph 5.0 of this specifi-
cation.

4,5, Bypass Servo Unit.-
4.5.1. Performance.-*
h.5.2. Weight.- The dry weight of the bypass servo unit, includ-

*¥

ing all pneumatic and hydraulic fittings and insulation, will not exceed 1bs.

k.s.3. Space.- The space envelope of the bypass servo unit, in-
cluding insulation, will not exceed that shown in Figure A-50 of this specifi-
cation. Mounting provisions, pneumatic connections, and hydraulic connections
will be as shown in Specification Drawing__.. Orientation of the unit in the
vehicle shall be as indicated on this drawing.

b5k, Enviromment.- The servo unit will operate under the
environment specified in the following provided that the hydraulic cooling flow
requirements shown in Figure A-41 are met:

Ambient pressure: 0.1 to 90 psia
Ambient temperature: -65 to 1175°F

k.5.5. Endurance.- Endurance of the servo unit will be demonst-

rated during the evaluation tests (FRT) defined in paragraph 5.0 of this specifi-
cation.

4.6, Ramp Aétuators.-
L.6.1. Performence . -*¥
Load
Stroke

Rate

Internal leakage
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k6.2, Weight.- The dry weight of the ramp actuator including

fittings and insulation will be____1bs,**

4.6.3. Space.- The actuator space requirements, including insula-
tion, will be as shown in Figure A-50 of this specification. Mounting provisions
and orientation in the vehicle will be as shown in Specification Drawing

L

h.6.4. Enviromment.- The actuator will operate in the environment
specified below provided that the hydraulic cooling flow shown in Figure A-41
are provided: '

Ambient pressure: 0.1 to 90 psia
Ambient temperature: -65 to 1175°F

L.6.5. Endurance.- The actuator will be designed to pass the
endurance test specified in the applicable test requirements under paragraph 5.0
of this specification.

4,7, Bypass Actuator.-

h.7.1. Performance.-** (Figure A-51)
Loed
Stroke
Rate

Internal leakage

L.7.2., Weight.- The dry weight of the bypass actuator including
fittings and insulation will be___1bs.**

4,7.3. Space.- The actuator space requirements, including insula-
tion, will be as shown in Figure A-50 of this specification. Mounting provisions
and orientation in the vehicle will be as shown in Specification Drawing . o

h.7.4, Environment.- The actuator will operate in the environment
specified below provided that the hydraulic cooling flow shown in Figure A-41
are provided:

Ambient pressufe: 0.1 to 90 psia
Ambient temperature: -65 to 11759F

4.7.5. Endurance.- The actuator will be designed to pass the
endurance tests specified in the applicable test requirements under paragraph
5.0 of this specification.
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4.8, Probes. -
4.9. Heat Exchanger.-¥¥
5. PRELIMINARY FLIGHT RATING TESTS (PFRT)
5.1. Selection.- One complete system each of the ramp position-

ing system and the bypass positioning system, consisting of controller, servo
unit and actuators, will be subjected to the tests described in the following
paragraphs. Systems used in these tests shall have passed the acceptance test
outlined in paragraph 6 of this specification.

5.2, ‘Test Setup.- The tests will be performed at the contractorms
facility on suitable pneumatic-hydraulic benches. Input signals, actuator loads,
and environment will be provided to simulate actual flight conditions as closely
as possible. Instrumentation will be provided to measure all quantities necess-
ary to establish that the equipment meets the performance described in the
specification. _ :

5.3. Test Procedure.-

5.3.1. Calibration.- Prior to the PFRT tests, the system will
be calibrated on the bench to assure conformance with the design tolerance re-
quirements of this specification.

5.3.2. Procedure.- Each system will be subjected to six simulated
missions. Inputs, actuator loads, and environment will be varied to duplicate
the progress of the flight as nearly as possible within the capability of the
facility. (The exact extent of simulation shall be defined later.)

5.3.3. Test Data.- During the tests outlined in paragraph 5.3.2,
sufficient data will be recorded to document the simulation of the flight mission
as well as the performance of the control systems.

5.3.4, Recalibration.- Following completion of the tests specifi-
ed in paragraph 5.3.2, the systems tested will be recalibrated to document con-
formance with the specification requirements.

5.4, Inspection.~ After completion of the tests defined in
paragraph 5.3, a teardown inspection of all the components will be performed to
determine conformance of the equipment with specific design critieria (to be
specified in the detailed test specifications).

5.5. Additional Component Tests.- The following component tests
will be performed as part of the PFRT test.

5.5.1. Selection.- Components used for the tests described below
shall have passed the acceptance tests outlined in paragraph 6 of this specifi-
cation.
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5.5.2. Description of Tests.-
5.5.2.1. Cold Soak Tests.~ One specimen each of the following com-

ponents will be subjected to this test:
Servo unit
Ramp actuator
Bypass actuator
Ramp controller

(Detailed test requirements to be specified by mutual agreement between contracior
and customer. ) :

5.5.2.2. Contamination.- One servo unit will be subjected to tests
with comteminated hydraulic fluid. (Test procedure to be established.)

5.5.2.3. Probes.- (Test requirements for all probes to be establish
ed by mutual agreement when inlet data are available.)

5.5.2.4, Heat Exchanger.- (Test requirement to be established by
mutual agreement at later date.)

6. ACCEPTANCE TESTS

6.1. Selection.- Acceptance tests will be performed on com-
plete ramp and bypass positioning systems consisting of controller, servo unit,
and actuators. All components of the systems submitted for acceptance testing
must have passed the component tests specified below.

6.2. Test Setup.- Acceptance tests will be performed on suit-
able pneumatic-hydraulic benches at the contractors facility. Tests will be
performed under the existing ambient environment.

6.3. Procedure.- (Test procedures are aimed at demonstrating
specified performance. Detailed procedures to be as mutuslly agreed.)

6.4, Component Tests.- (Proof pressures, leskage, etc., to be

6.5, Reports.- Acceptance tests will be recorded in a log book
for each system, copies of which will be supplied to the customer with delivery
of hardware. Our acceptance test report will be prepared and kept on file at the
contractor's facility.
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ALTERNATE CONFIGURATION A

(Blunt Plug Nozzle)

INTRCDUCTION

This configuration conforms to Revision 2 of the "PFRT Engine Model Specification
Including Air Induction Control and Actuation System" with the following deviations:

Section I. Engine Model Specification

2. Installation Features

VN

— 2.1. Dimensions.- An Installation drawing of the engine is
shown in Figure A-58. The dimensions are noted for
TO°F and also at maximum operating temperature. De-
tailed engine drawings shall be provided the airframe
contractor as. they become available.

2.2. Weight.- The dry weight of the complete engine eéxcluding
instrumentation and excluding control intelligence pres-
sure lines forward of the engine inlet shall not exceed
880 pounds. This weight also excludes any exterior
shrouds and sttachments thereto for ducting diffuser
bleed air aft, and excluding the weight of any insula-
tion which may be required between the engine and the

airframe.
g 3. Performance Characteristics
3.2. The ratings and curves shown in Figures through

____of Revision 2 of the "PFRT Model Specification In-
cluding Air Induction Control and Actuation System"
shall be adjusted by the thrust correction factor shown
in Figure A-59.
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